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 ABSTRACT 
Objectives: Sheehan’s syndrome (SSH) is an important public health problem 
characterized as postpartum hypopituitarism secondary to obstetric complications-related 
ischemic pituitary necrosis that shows significant systemic metabolic repercussion. Thus, 
this study aimed to evaluate texture parameters in digital panoramic radiographs of 
patients with SSH.  
Methods: A case-control study was conducted with 30 SSH patients from an 
Endocrinology and Diabetology Service of reference in Brazil, and 30 age- and sex-
matched healthy controls. A custom computer program measured fractal dimension, 
lacunarity and some morphologic features in the following mandibular regions of interest 
(50x50 pixels): below the mental foramen (F1), between the first and second molars (M1), 
and center of the mandibular ramus (R1).  
Results: The fractal analysis showed a statistically significant difference between the 
studied groups in all regions of interest. The fractal dimension in F1 (p = 0.016), M1 (p 
= 0.043), and R1 (p = 0.028) was significantly lower in SSH group, as well as lacunarity 
in R1 (p = 0.008). Additionally, several morphologic features were statistically significant 
in the SSH group (p < 0.05).  
Conclusion: Therefore, individuals with SSH showed altered imaging texture parameters 
on panoramic radiographs, which reflect a smaller spatial organization of the bone 
trabeculae and, possibly, a state of reduced mineral bone density. 
Keywords: Sheehan’s syndrome, texture imaging parameters, mineral bone density, 
panoramic radiograph. 
 
 
 
 
 
 Introduction 
The role of the pituitary-bone axis in skeletal pathophysiology has been widely 
recognized throughout the last decades.1 Pituitary hormones play an important connection 
with skeleton-related bone metabolism because bone cells usually express hormone 
receptors for growth hormone, follicle stimulating hormone, thyroid stimulating 
hormone, adrenocorticotrophic hormone, prolactin, oxytocin and vasopressin, and their 
role are evident especially in several diseases.2,3 Among the disturbances that can affect 
the pituitary gland, Sheehan’s syndrome (SSH) is a disease that affects the secretion of 
adenohypophyseal hormones. This condition is known as postpartum pituitary necrosis, 
and it is a rare condition that was firstly reported in 1937 by HL Sheehan and co-authors 
that described 12 cases of gland necrosis and pituitary failure following obstetric 
complications.4  
SSH is characterized by a hormonal insufficiency due to hypovolemia secondary 
to an excessive loss of blood during or even after delivery, which may be a result from 
glandular hyperplasia during pregnancy caused by the greater production of gestational 
hormones during this period.5 In this situation, the gland becomes more vulnerable to a 
total or partial necrosis due to ischemia caused by hypovolemic shock, since poor blood 
supply to the anterior region of the pituitary gland impairs its function because of possible 
ischemia during or after childbirth.5,6 Clinically, these findings impact in a hormonal 
deficiency, which possess an individual variability, ranging from impairment of a single 
tropic hormone to classic panhypopituitarism,7 and they may develop a spectrum of 
manifestations, such as agalactia (failure of postpartum lactation), amenorrhea (failure of 
postpartum menstruation), adynamia (muscle weakness), adrenocortical insufficiency, 
clinical findings related to secondary hypothyroidism, fine wrinkling around mouth and 
eyes, diabetes insipidus, and empty sella.8 
In spite of epidemiological studies regarding clinical symptoms observed in 
SSH,9-11 recent researches have focused on the bone microarchitecture and its 
osteoporotic pattern. Agarwal et al12 evaluated a large group of woman with SSH and 
found low bone mass among these individuals after assessment by dual-energy X-ray 
absorptiometry (DXA). Although osteoporosis has been commonly evaluated by non-
invasive procedures such as DXA,13 trabecular microarchitecture requires invasive 
techniques to be adequately assessed.14 In order to obtain morphologic characteristics by 
 non-invasive methods, it has been used bone textural analysis in dental radiographs15-19  
and computed tomography.20,21 
Fractal analysis is a non-invasive imaging tool to obtain data regarding bone 
microarchitecture, and it has been used in several studies in the field of dentomaxillofacial 
radiology.22-29 In endocrine pathologies, fractal analysis and other textural imaging tools 
(e.g., lacunarity and morphologic aspects) have been proposed to evaluate 
osteoporosis,19,30-32 osteogenesis imperfecta,33 hyperparathyroidism,34 chronic renal 
failure,35 sickle cell anemia,36 and diabetes mellitus.37 To date, there are no published 
reports evaluating these parameters in panoramic radiographs of SSH individuals. Thus, 
this investigation aimed to analyze panoramic radiograph texture features of SSH in 
comparison with non-syndromic pared individuals.  
Materials and methods 
Study design  
A case-control study was conducted following Strengthening the Reporting of 
Observational studies in Epidemiology (STROBE) statements (https://www.strobe-
statement.org/). The cases were represented by patients diagnosed with SSH under 
medical follow-up, and the controls were non-SSH individuals matched by sex and age. 
Setting 
Sample was obtained from the Endocrinology and Diabetology Service of the Walter 
Cantídio University Hospital (Fortaleza, Ceará, Brazil), which concentrates a significant 
SSH casuistry in Brazil. It was recruited volunteers who were under follow-up for more 
than ten years and volunteers matched by sex and age who agreed to participate in the 
study after reading, understood and signed a written informed consent form (research 
protocol # 983 022 approved by the Ethics Committee of the Federal University of Ceará). 
Sample selection 
The population included all patients presenting previous history of classic surgical-related 
haemorrhage and other obstetric and hormonal complications related to SSH diagnosis (n 
= 66). During the recruitment phase, it was included patients with a proven diagnosis of 
SSH under a routine ambulatory follow-up and those that consented to participate in this 
 research. The individuals were excluded if they comply with at least one of the following 
reasons: no attendance at routine medical appointments, no return to phone calls, death, 
or inability to perform panoramic radiography. After this phase, 30 volunteers were 
submitted to anamnesis, and they were required to perform digital panoramic radiography 
at the Dental Imaging Service of the Faculty of Pharmacy, Dentistry, and Nursing 
(Federal University of Ceará). In order to provide a case-control methodological design, 
for each case a non-SSH sex- and age-matched volunteer that did not show any systemic 
alterations that could interfere in bone metabolism were recruited. Thus, 60 individuals 
participated in this study as shown in Figure 1.       
Quantitative variables 
The quantitative variables assessed were fractal dimension, lacunarity, and morphological 
parameters related to the trabecular bone (trabecular area, periphery, total length of 
trabeculae, number of end points, and number of branching points). 
Data sources/measurement   
Obtaining and evaluating of digital panoramic radiographs: 
Standardized digital panoramic radiographs were obtained by using Kodak K9000 3D 
(Kodak Dental Systems, Carestream Health, Rochester, NY, EUA) with a 14-bit 
grayscale (16384 greylevel), exposure time of 13.9 seconds, 65 kV, and 10 mA. Each 
patient was positioned using a chin rest and head stabilizer in the focal layer. A horizontal 
reference line was then superimposed on the patient’s Frankfort horizontal plane as a 
technical standardization adopted during image acquisition. The Frankfort plane was 
positioned parallel to the ground and the median sagittal plane was perpendicular to the 
ground.38 All obtained images were exported as TIFF (Tagged Image File Format), 300 
dpi, and subsequently imported into the MATLAB R2016a program (The MathWorks, 
Inc., Natick, Massachusetts, United States). In order to calculate measurement errors, the 
study reliability was conducted through image evaluation during a 15-day interval. Also, 
to ensure the double-blind study design, a collaborator who did not evaluate the images 
performed simple randomization of the images by using computer-generated list of 
random numbers (“randbetween" function of the Microsoft Excel). The statistician was 
also blind since he did not know the images groups. 
Evaluation of image texture parameters: 
 Each image was segmented by using the MATLAB Release 2016a program to obtain the 
following standardized size regions of interest (ROIs) on the mandibular right side, 
50X50 pixels (Figure 1): F1 - area delimited in the region of alveolar bone, located 
between the mental foramen and mandibular cortical bone; M1 – region below and 
between first and second molars (the center area horizontally 2 cm from the intersection 
point of the oblique line and ramus in cases with missing right mandibular molars); and 
R1 - geometric center of mandibular ramus.32 These ROIs were analyzed using an 
algorithm based on White and Rudolph39 study. 
Initially, a low-pass filter (Gaussian filter) was applied to reduce the image noise, 
using the kernel as 𝑒𝑒
−(𝑥𝑥2+𝑦𝑦2)
2𝜎𝜎2 2𝜋𝜋𝜎𝜎2�  and 𝜎𝜎 = 35. Then, the blurred image was subtracted 
from the original image of each analysed ROI. The resulting image received an additional 
grey value of 128 and it was made a binary. For this purpose, the Bradley algorithm was 
used, which considers each pixel of the image to be black if its brightness is k% lower 
than the average brightness of adjacent pixels.40 By means of this process, the regions 
representing the bone trabeculae were evidenced with the black colour and the 
intertrabecular spaces with the white colour. Afterwards, the resulting image was eroded, 
dilated and finally skeletonized with the purpose of determining the values of fractal 
dimension (𝑑𝑑∫ ), lacunarity, and morphological characteristics adopted for the present 
study. 
In order to calculate the fractal dimension, it was used the algorithm of counting 
cells (box counting), according to the method described by White and Rudolph.39 The 
choice of the box-counting method was due to its ease of use in mathematical calculations 
and experimental measurements. This method considers the ROI covered by a set of 
squares and, therefore, calculates the number of squares required to cover the entire ROI. 
The quantity of square is represented by N (s), being "s" the scale, which represents the 
number of times that the side of the image would be divided. In this context, the 
calculation of the fractal dimension was done as the following way: 𝑑𝑑∫ = log𝑁𝑁 (𝑠𝑠)𝑙𝑙𝑙𝑙𝑙𝑙1
𝑠𝑠
 . 
Regarding lacunarity, the medullar region was similarly examined by inverting 
the image (making the marrow area as black colour) and, then, skeletonizing the resulting 
image to its core marrow structure. 
 In addition, some morphological characteristics were obtained from each binary 
image: 1) trabecular region = total number of black pixels divided by the total number of 
pixels in the region of interest; 2) periphery = number of pixels at the outer border of the 
trabeculae, which corresponds to a proportion of the total area of the trabeculae or the 
total ROI. From the skeletal image, it was obtained: 1) total length of skeletal trabeculae 
(represented by the total number of black pixels), 2) number of end points (represented 
by the free ends, that is, each black pixel with only one adjacent black pixel), 3) number 
of branching points (represented by crossing points, i.e each black pixel with 3 or more 
adjacent black pixels). These parameters were expressed as a ratio of trabecular length, 
area, and perimeter. 
Bias 
As an observational study, the following main factors that could bias the results were 
avoided41: selection and information bias, and measurement error. In order to 
avoid/minimize the occurrence of selection bias, patients were recruited regardless of the 
severity of osteometabolic alterations that they might present, and efforts were made to 
recruit all patients in routine care during the medical outpatient clinic. To avoid / 
minimize the occurrence of information bias, a detailed anamnesis and careful analysis 
of the medical records were performed in order to obtain consistent data. To avoid / 
minimize the occurrence of measurement bias, images were randomized and evaluated in 
a double-blind design, and it was assessed the reliability of the measurements. In addition, 
TIFF format was adopted for each image since Yasar et al42 had found statistically 
significant difference between TIFF and JPEG images regarding the fractal dimension. 
Study size  
SSH is a rare disease and its incidence usually range from 0.2 to 2.8 cases per 100,000 
women in developed countries.43 Agarwal et al12 observed that patients with SSH had a 
lower bone mineral density in comparison with age- and sex-matched individuals of the 
control group (0.64 ± 0.09 versus 0.73 ± 0.11). Thus, based on this study, it was 
considered to evaluate a minimum of 27 patients per study group aiming to obtain a 
sample with 90% power at a 95% confidence interval. Regarding the possibility of sample 
loss during the study, 10% was added over the minimum sample calculation previously 
described, rendering 30 patients per group. 
 Reliability 
To evaluate measurement reliability,44 the following analyses were performed: (1) 
intraclass correlation coefficient (ICC) statistics to assess systematic errors related to 
quantitative variables; (2) Dahlberg's formula to observe random errors of the 
measurements. Regarding the first one, the bidirectional ICC model of random effects 
was used with a confidence interval of 95% and a significant level of 5%. To evaluate 
possible technical errors, the Dahlberg formula was represented as �∑𝑑𝑑
2
2𝑛𝑛
, where ∑d2 is the 
sum of the squared differences between the two sets of two mean values, and “n” is the 
number of double measurements. 
Statistical methods    
Data were statistically analyzed by using the statistical program Statistical Package for 
the Social Sciences (IBM®, San Diego, CA, USA). Initially, data were submitted to the 
Kolmogorov-Smirnov normality test and then the results were expressed as the mean and 
standard deviation (SD) of the mean. All comparisons were performed using the Mann-
Whitney test, and a significance level of 5% was adopted. 
 
Results 
Regarding the reliability and reproducibility of the panoramic measurements, these errors 
of measurement were considered acceptable. It was observed an ICC average measure 
ranging from satisfactory (r = 0.792) to very satisfactory (r = 0.910), and the Dahlberg 
coefficient ranged from 0.008 to 0.463. Regarding the power of the sample based on the 
F1 fractal dimension value, comparing individuals in the control group (1.85 ± 0.01) and 
SSH patients (1.45 ± 0.73), it was statistically estimated an 85.1% power to reject the null 
hypothesis. 
Fractal dimension differed significantly between the studied group. It was 
observed that its value measured at the region bellow the mental foramen (p = 0.016), 
region between lower molars (p = 0.043) and center of mandibular ramus (p = 0.028) 
were statistically lower in the SSH group when compared to the control group (Table 1). 
Regarding the lacunarity, it was observed that its mean value in mandibular ramus center 
region (p = 0.008) were statistically higher in SSH group (Table 1). 
 In relation to morphologic features that characterized the trabeculae, the mean 
value of Branch points / length measurement (p = 0.040) in the mental foramen region 
was significantly lower in the SSH group (Table 2). In the molar region, the Trabecular 
area / total area (p = 0.004), Periphery / total area (p = 0.004), Periphery / Trabecular area 
(p = 0.004), and Length / Trabecular area (p = 0.029) were significantly higher in the 
study group (Table 4). In the central region of the mandibular ramus, Terminal points / 
cm² was statistically higher (p = 0.036) in the SSH group when compared to the control 
group (Table 2). 
When the morphological trabecular aspects were compared between the ROIs 
(Table 3), the region related to the mental foramen showed lower values of Length / 
trabecular area, Length / total area, Terminal points / cm², Terminal points / periphery, 
Terminal points / trabecular area, Branch points / cm², Branch points / periphery, and 
Branch points / Trabecular area in comparison with the other ROIs (p <0.05). The Branch 
points / periphery showed a lower value in the region between the molars than in the 
central region of the mandibular ramus, which was statistically significant (p <0.05). 
The cumulative effect of all measurements of trabecular area parameters (Table 
4) showed higher values of Trabecular area / total area (p=0.026), Periphery / total area 
(p=0.026), Periphery / trabecular area (p=0.026), Length / trabecular area (p=0.018), 
Length / total area (p=0.049), Terminal points / cm² (p=0.026), and Branch points / 
trabecular area (p=0.008) in SSH group. The age showed a direct association with 
lacunarity in mental foramen region (p=0.035), as well as Terminal points / periphery (p 
= 0.005) and Branch points / cm2 (p = 0.025) in molar region between SSH individuals. 
In addition, the Branch points / terminal points (p = 0.027) in molar region showed an 
indirect association with age (Table 5). 
 
Discussion 
Several investigations focusing on systemic disorders and its relationships with 
jawbones sites have performed texture analyses by using fractal dimension investigation 
in individuals affected by systemic disorders. To date, there are no published studies that 
evaluated the fractal dimension in SSH, which may reflect the altered bone metabolism 
in this disease due to pituitary failure.45 
 In SSH, progressive loss of pituitary gland function decreases the secretion of 
hormones such as growth hormone (GH), follicle-stimulating hormone (FSH), luteinizing 
hormone (LH), thyroid stimulating hormone (T3 and T4), adrenocorticotrophic hormone 
(ACTH), cortisol, estradiol, and prolactin. Such hormones may alter the trabecular bone 
pattern, which may cause osteopenia as well as osteoporosis.46 Serum levels of LH, FSH, 
and estradiol are considerably decreased in patients with SSH so that hypogonadism may 
be one of the possible mechanisms of osteoporosis in these patients. The reduction of GH 
levels has a significant effect on bone metabolism and plays a crucial role in the 
maintenance of bone mass in adults, regulating bone remodeling.5 It is presumed that by 
reducing the secretion of hormones involved in the regulation of bone metabolism in 
patients with SSH, the maxillomandibular complex may present varying degrees of 
osteopenia or even osteoporosis.  
The evaluation of bone density in patients with SSH is a relevant topic. However, 
scarce data has been addressed to the literature, since only 4 studies provided data of bone 
mass in women affected by this endocrine disease compared with control 
individuals.5,12,45,47 Agarwal et al12 reported 47% of SSH individual with low bone mass 
(Z-score ≤ -2.0) and 48% presenting osteoporosis (T-score ≤ 2.5). Chihaoui et al45 
described low bone mineral density in 46 endocrine patients (25 with osteopenia and 21 
osteoporosis). Acibucu et al47 found 61.8% of the patients with osteoporosis and 
osteopenia in 32.3% of the remaining individuals. Gokalp et al5 studied premenopausal 
and postmenopausal SSH patients, and observed lower T- and Z-scores for both femur 
and spine (L1–L5) compared with controls. The present case-control study could not 
obtain data about the bone mineral density of the patients, which has been considered a 
determinant aspect to provide bone strength.48 However, it was performed in the present 
study, for the first time in SSH, a mandibular fractal analysis aiming to provide a suitable 
statistical texture analysis, which reflects the bone texture roughness and grey-level 
variations.48 Pothuaud et al14 demonstrated that fractal analysis of bone texture can 
distinguish cases with an established diagnosis of osteoporosis from healthy controls. 
The present study adopted fractal analysis as a method for estimating mandibular 
trabecular texture since it represents a mathematical method useful for analysing complex 
structures such as the trabecular bone.33,35 It is commonly used to describe the texture 
roughness and characterize the high degree of complexity of fractal objects by a repetition 
of self-similarity of the texture grey-level variations over different scales.36,49 Although 
the Image J, a freely downloaded programme obtained from the National Institutes of 
 Health, has been commonly selected as a software to calculate fractal dimension on 
panoramic radiographs, we processed the images by using  MATLAB R2016a to 
customize a computer program for obtaining measures of fractal dimension, lacunarity 
and some trabecular architecture morphologic features in panoramic radiographs based 
on previous studies.33,39 Also, the present investigation used the box-counting algorithm 
because it provides the measurement of the trabeculae periphery connectivity.50  
This investigation used direct digital images for obtaining fractal dimension 
because some findings support that absence of film processing or imaging digitalization 
reduces the loss of image information, enhancing the texture parameter measurements 
reproducibility.48 In addition, panoramic radiograph was used to assess bone trabecular 
microarchitecture in SSH because it has been shown as a useful radiographic method for 
analysing the reduction of bone mineral in the field of maxillofacial imaging, as well as 
it is a low cost and easy to access exam routinely requested in dentistry.51 
It has been pointed out that osteoporotic state reduces trabecular complexity and 
decreases the fractal dimension value.52 The present results were by this finding since it 
was obtained a statistically significant difference between SSH and control groups. SSH 
individuals presented low values of fractal dimension, and this finding agreed with the 
results of similar investigations that used panoramic radiographs in osteoporotic state-
related systemic diseases. Demirbas et al36 performed fractal analysis on panoramic 
radiographs of 35 individuals with sickle cell anemia and showed that the value of fractal 
dimension value in these individuals was significantly lower in comparison to control 
group. Sindeaux et al31 found that values of fractal dimension on mandibular cortical bone 
lower in women with no osteoporosis.  Gumussoy et al35 reported a reduced mean fractal 
dimension value in a group of 25 patients with chronic renal failure in comparison to 
healthy individuals. In patients with temporomandibular disorders-related osteoarthritic 
changes fractal dimension value decreased as the severity of degenerative changes 
increased, showing that erosive and sclerotic condyles had an altered trabecular pattern.38  
Data presented in this report support the hypothesis that patients with SSH have 
an altered trabecular pattern in the mandible, including morphologic aspects obtained 
from the binary and skeletonized images of the selected regions of interest. It was 
observed a decrease in the architectural complexity of SSH patients that resembles a 
similar osteoporotic state as observed in panoramic radiographs of osteoporotic 
 individuals evaluated by White and Rudolph.39 SSH individuals showed statistically 
significant lower values of the trabecular area, periphery, and skeletal length in 
comparison with the control group, as previously observed in osteoporotic subjects.39 In 
this study, the number of terminal points did not differ in comparison with non-SSH 
patients on the base of the statistical analysis. We believe that this finding may reflect a 
lower severity of mandibular trabecular alteration presented in this sample of SSH 
individuals if compared with the results obtained from White and Rudolph39 study, which 
highlighted that the number of terminal points is a suitable indicator of bone resorption 
state in jawbones of osteoporotic patients. Also, the measures of branch points was 
statistically decreased in SSH, which reflect the core trabecular structure as previously 
observed.39 Although some trabeculae morphologic features did not show the statistically 
significant difference in SSH group, even decreased in comparison with control group, 
this finding was observed in a group of post-menopausal women with low bone mineral 
density assessed by DXA.53 
Presently, the diagnosis delay found among the individuals with SSH was 11.81 
± 8.95 years. This finding was similar to the data presented by Ramiandrasoa et al54 since 
they described a mean delay of 9 ± 9.7 years in a sample of 39 women diagnosed with 
SSH. Stockholm et al55 support the hypothesis that this diagnosis delay occur because 
SSH is a chronic disease. In this context, we also believe that the lower fractal dimension 
values and altered morphologic features observed in this investigation probably were a 
consequence of the negative effect of a delayed diagnosis on the bone mass content loss 
over the years and the socio-economic position that could influence in a nutritional deficit. 
Bone mineral density has been compromised in SSH because these patients usually are 
diagnosed with hypopituitarism at young age, and they develop important nutritional 
deficiency,56 which is significant affected by the socio-economic status-related risk 
factors, including calcium, protein and vitamin D intake.57 This finding was previously 
discussed by our group in an observational study with SSH individuals, and it was showed 
a remarkable lower socio-economic strata.58  
Based on the findings of the present novel research, the SSH sample studied was 
characterized by a decrease in fractal dimension and some morphologic features, which 
may be a reflect of a possible reduced bone mineral density in these individuals due to 
osteometabolic changes that occurred over the years since the onset of the systemic 
manifestations associated with the postpartum hemorrhage. We believe fractal analysis 
 may be an alternative and useful tool for improving the diagnostic capacity of panoramic 
radiography on mandibular changes of individuals with SSH. Also, it is necessary further 
SSH studies in the field of the maxillofacial imaginology, especially those correlating 
bone texture aspects and bone mineral density by dual energy x-ray absorptiometry. 
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 Tables 
Table 1. Fractal dimension and lacunarity values. 
   Group  
ROI Parameters Control SSH p-Value 
Region between the mental foramen and 
mandibular cortical bone (F1) 
Fractal dimension 1.85±0.01 1.47±0.72 0.016* 
 Lacunarity 0.90±0.33 0.85±0.37 0.740 
Region between first and second molars (M1) Fractal dimension 1.68±0.51 1.52±0.67 0.043* 
 Lacunarity 0.99±0.17 0.96±0.32 0.220 
Geometric center of mandibular ramus (R1) Fractal dimension 1.74±0.42 1.68±0.50 0.028* 
 Lacunarity 0.90±0.32 0.97±0.23 0.008* 
ROI, region of interest; *p<0.05; Mann-Whitney test (mean±SD). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 2. Morphological features related to the trabecular bone. 
 F1  M1  R1  
  Control SSH p-Value Control SSH p-Value Control SSH p-Value 
Trabecular area / total area 0.58±0.04 0.57±0.04 0.537 0.60±0.05 0.57±0.03 0.004* 0.60±0.06 0.58±0.04 0.130 
Periphery / total area  0.42±0.04 0.43±0.04 0.537 0.40±0.05 0.43±0.03 0.004* 0.40±0.06 0.42±0.04 0.130 
Periphery / trabecular area 0.72±0.13 0.75±0.11 0.679 0.66±0.13 0.75±0.09 0.004* 0.68±0.15 0.73±0.11 0.138 
Lenght / trabecular area 0.27±0.05 0.29±0.03 0.259 0.29±0.06 0.32±0.03 0.029* 0.30±0.06 0.32±0.04 0.080 
Lenght / total area 0.16±0.02 0.16±0.01 0.204 0.17±0.02 0.18±0.02 0.243 0.17±0.02 0.18±0.02 0.052 
Terminal points / cm2 0.12±0.02 0.12±0.01 0.557 0.13±0.02 0.14±0.02 0.286 0.13±0.02 0.14±0.02 0.036* 
Terminal points / lenght 0.76±0.03 0.76±0.05 0.835 0.75±0.04 0.76±0.04 0.795 0.76±0.04 0.78±0.04 0.129 
Terminal points / periphery 0.29±0.04 0.29±0.03 0.755 0.33±0.04 0.32±0.03 0.528 0.33±0.03 0.34±0.03 0.354 
Terminal points / trabecular area 0.21±0.05 0.22±0.04 0.463 0.22±0.05 0.24±0.03 0.068 0.23±0.05 0.25±0.04 0.064 
Branch points / cm2 0.15±0.02 0.16±0.01 0.491 0.17±0.02 0.17±0.02 0.256 0.17±0.02 0.18±0.02 0.068 
Branchs points / lenght 0.97±0.01 0.96±0.01 0.040* 0.97±0.02 0.97±0.01 0.256 0.97±0.01 0.97±0.01 0.611 
Branch points / periphery 0.36±0.04 0.37±0.04 0.749 0.42±0.05 0.41±0.04 0.265 0.42±0.03 0.42±0.04 0.766 
Branch points / trabecular area 0.26±0.05 0.28±0.04 0.354 0.28±0.05 0.31±0.03 0.032 0.29±0.06 0.31±0.04 0.106 
Branch points / terminal points 1.16±0.36 1.12±0.40 0.705 1.14±0.41 1.19±0.31 0.756 1.23±0.22 1.13±0.36 0.184 
*p<0.05; Mann-Whitney test (mean±SD).
 Table 3. Comparison of texture imaging parameters between the ROIs. 
  F1 x M1 p-Value  F1 x R1 p-Value  M1 x R1 p-Value 
Fractal dimension NS 0.107  NS 0.136  NS 0.975 
Lacunarity F1 < M1 0.019*  F1 > R1 <0.001*  M1 > R1 0.018* 
Trabecular area / total area NS 0.693  NS 0.455  NS 0.250 
Periphery / total area  NS 0.693  NS 0.455  NS 0.250 
Periphery / trabecular area NS 0.940  F1 < R1 0.673  NS 0.172 
Lenght / trabecular area F1 < M1 0.001*  F1 < R1 0.001*  NS 0.444 
Lenght / total area F1 < M1 <0.001*  F1 < R1 <0.001*  NS 0.075 
Terminal points / cm2 F1 < M1 0.003*  F1 < R1 <0.001*  NS 0.146 
Terminal points / lenght F1 = M1 0.656  NS 0.117  NS 0.144 
Terminal points / periphery F1 < M1 0.002*  F1 < R1 <0.001*  M1 < R1 0.015* 
Terminal points / trabecular area F1 < M1 0.029*  F1 < R1 0.002*  NS 0.221 
    Branch points / cm2 F1 < M1 <0.001*  F1 < R1 <0.001*  NS 0.467 
Branchs points / lenght NS 0.158  NS 0.973  NS 0.206 
Branch points / periphery F1 < M1 <0.001*  F1 < R1 <0.001*  NS 0.052 
Branch points / trabecular area F1 < M1 0.002*  F1 < R1 0.001*  NS 0.549 
Branch points / terminal points NS 0.683  NS 0.315  NS 0.374 
*p<0.05; Wilcoxon test (mean±SD).  
 
 Table 4. Cumulative effect of the morphological features related to the trabecular 
bone between the studied groups. 
 Group  
 Control SSH p-Value 
Trabecular area / total area 0.59±0.04 0.57±0.03 0.026* 
Periphery / total area  0.41±0.04 0.43±0.03 0.026* 
Periphery / trabecular area 0.69±0.11 0.74±0.08 0.035* 
Lenght / trabecular area 0.28±0.05 0.31±0.03 0.018* 
Lenght / total area 0.17±0.02 0.18±0.01 0.049* 
Terminal points / cm2 0.13±0.02 0.13±0.01 0.089 
Terminal points / lenght 0.76±0.03 0.77±0.03 0.256 
Terminal points / periphery 0.31±0.02 0.32±0.02 0.747 
Terminal points / trabecular area 0.22±0.04 0.24±0.03 0.060 
    Branch points / cm2 0.16±0.02 0.17±0.01 0.067 
Branchs points / lenght 0.97±0.01 0.97±0.01 1.000 
Branch points / periphery 0.40±0.02 0.40±0.03 0.756 
Branch points / trabecular area 0.27±0.05 0.30±0.03 0.026* 
Branch points / terminal points 1.18±0.21 1.15±0.21 0.613 
*p<0.05; Mann-Whitney test (mean±SD). 
 
 
 
 
 
 
 Table 5. Texture imaging parameters according to age groups.  
 F1  M1  R1  
  Up to 65 >65 p-Value Up to 65 >65 p-Value Up to 65 >65 p-Value 
Fractal Dimension 1.71±0.51 1.34±0.80 0.173 1.33±0.80 1.71±0.46 0.154 1.71±0.46 1.59±0.62 0.558 
Lacunarity 0.67±0.47 0.95±0.26 0.035* 0.88±0.35 0.88±0.36 0.970 1.03±0.00 0.96±0.26 0.334 
Trabecular area / total area 0.56±0.04 0.57±0.05 0.649 0.57±0.04 0.57±0.02 1.000 0.58±0.05 0.58±0.03 0.616 
Periphery / total area  0.44±0.04 0.43±0.05 0.649 0.43±0.04 0.43±0.02 1.000 0.42±0.05 0.42±0.03 0.616 
Periphery / trabecular area 0.76±0.10 0.74±0.12 0.633 0.75±0.11 0.75±0.07 0.967 0.72±0.15 0.74±0.09 0.711 
Lenght / trabecular area 0.29±0.03 0.28±0.04 0.508 0.30±0.04 0.32±0.02 0.142 0.32±0.06 0.32±0.03 0.934 
Lenght / total area 0.17±0.01 0.16±0.01 0.334 0.17±0.02 0.18±0.01 0.084 0.19±0.02 0.19±0.01 0.914 
Terminal points / cm2 0.13±0.01 0.12±0.01 0.408 0.13±0.02 0.14±0.01 0.008* 0.14±0.02 0.14±0.02 0.849 
Terminal points / lenght 0.77±0.04 0.76±0.06 0.632 0.74±0.05 0.78±0.02 0.019* 0.78±0.05 0.77±0.03 0.795 
Terminal points / periphery 0.29±0.03 0.29±0.03 0.704 0.30±0.04 0.34±0.01 0.005* 0.35±0.04 0.34±0.03 0.497 
Terminal points / trabecular area 0.23±0.03 0.22±0.04 0.414 0.23±0.04 0.25±0.02 0.069 0.25±0.06 0.25±0.03 0.968 
Branch points / cm2 0.16±0.01 0.16±0.01 0.623 0.17±0.02 0.18±0.01 0.025* 0.18±0.02 0.18±0.01 0.917 
Branchs points / lenght 0.97±0.01 0.96±0.01 0.381 0.97±0.01 0.97±0.01 0.292 0.97±0.02 0.97±0.01 1.000 
Branch points / periphery 0.37±0.03 0.36±0.04 0.866 0.40±0.04 0.42±0.02 0.102 0.43±0.04 0.42±0.03 0.328 
Branch points / trabecular area 0.28±0.04 0.27±0.04 0.395 0.30±0.04 0.31±0.02 0.237 0.31±0.06 0.31±0.03 0.934 
Branch points / terminal points 1.17±0.32 1.10±0.44 0.632 1.31±0.08 1.24±0.04 0.027* 1.16±0.32 1.07±0.44 0.538 
*p<0.05; Mann-Whitney test (mean±SD). 
